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(S) Universal split mechanical seal. 

© A split mechanical seal, for mounting to a 
stationary housing that contains a rotating 
shaft, including first and second seal ring as- 
semblies, at least one resilient biasing element 
and at least one axial biasing element The first 
and second seal ring assemblies each include a 
seal ring having two segments that are resn 
lientfy supported in the seal. The segments have 
an outer surface and a pair of segment sealing 
faces disposed at opposite ends of the seg- 
ments. The resBient biasing element is concen- 
trically disposed about and in intimate contact 
with the outer surface of one of the seal rings, 
for applying a first radially inward force that 
biases the sealing faces of the seal ring seg- 
ments into sealing contact with each other. The 
mechanical seal includes a pair of resBient 
biasing elements disposed about each seal ring, 
and the resilient biasing element is preferably 
an elastomeric member. The axial biasing ele- 
ment is associated with at least one seal ring for 
generating and applying, in cooperation with 
the elastomeric member, a second radially in- 
ward force ; the second force operating to bias 
the segment sealing faces together when the 
mechanical seal is exposed to a selected press- 
ure condition. The axial biasing element is an 
abutment, integrally formed with the segments 
of both seal rings, that has a radially outwardly 
slanted outer surface. When the mechanical 
seal is exposed to a selected pressure condi- 
tion, the elastomeric member is disposed in 
intimate contact with the abutment and applies 
an axial force thereto. The abutment transforms 
the axial force into an axial force component 
and a second radially inward force component 
This second radially inward component also 
operates to bias the sealing faces of the seal 
ring segments into sealing contact with each 
other. 




Jouve, 18. rue Saint-Denis, 75001 PARIS 



BN SOOCID:<EP_06S8713A1...> 



EP0 658 713 A1 



This invention relates generally to mechanical 
seals. More particularly, the present invention relates 
to universal split mechanical seals that provide strong 
sealing capabilities under different operating condi- 
tions. 5 

Split mechanical seals with resiliently mounted 
faces are employed in a wide variety of mechanical 
apparatuses to provide a pressure-tight and fluid- 
tight seal. The mechanical seal is usually positioned 
about a rotating shaft that is mounted in and protrud- 10 
ing from a stationary housing. The seal is usually bolt- 
ed to the housing at the shaft exit, thus preventing the 
loss of pressurized process fluid from the housing. 
Conventional split mechanical seals include face type 
mechanical seals, which include a pair of sealing rings is 
that are concentrically disposed about the shaft, and 
axially spaced from each other. The sealing rings 
each have sealing faces that are biased into sealing 
contact with each other. Usually, one seal ring re- 
mains stationary, while the other ring contacts the 20 
shaft and rotates therewith. The mechanical seal pre- 
vents leakage of the pressurized process fluid to the 
external environment by biasing the seal ring sealing 
faces in sealing contact with each other. The rotary 
seal ring is usually mounted in a holder assembly 25 
which is disposed in a chamber formed by a gland as- 
sembly. The holder assembly has a pair of holder 
halves secured together by a screw. Likewise, the 
gland assembly has a pair of gland halves also se- 
cured together by a screw. The sealing rings are often 30 
divided into segments, each segment having a pair of 
sealing faces, thereby resulting in each ring being a 
split ring that can be mounted about the shaft without 
the necessity of freeing one end of the shaft ends. 

A drawback of the conventional split mechanical 3S 
seal with resiliently mounted faces is that the sealing 
capability of the seal rings degrades when the ambi- 
ent pressure becomes greater than the pressure of 
the process fluid. This degradation occurs since an 
outward radial force develops on the seal rings, sep- 40 
arating the split seal ring segments and allowing pres- 
surized fluid to escape to the external environment 

Another drawback of conventional split seals is 
that the screws which secure the gland and holder 
segments together are usually mounted in predeter- 45 
mined tapholes, which typically necessitate rotating 
the shaft after securing one screw, to affix the other 
screws. Additionally, during disassembly of the mech- 
anical seal, the screws can become disengaged from 
either segment of the gland and holder, thereby in- so 
creasing the likelihood that the screws can become 
detached and damage other components of the hous- 
ing, or lost 

As the above described and other prior art seal- 
ing systems have proven less than optimal, the inven- 55 
tion seeks to provide an improved mechanical seal 
that provides a fluid-tight seal under a variety of op- 
erating pressure conditions. 



The invention further seeks to provide a single 
split mechanical seal that can function under different 
operating pressures, thereby eliminating the need for 
employing different seals. 

The invention further seeks to provide a split 
mechanical seal that is relatively easy to assemble 
and to disassemble. 

General and specific objects of this invention will 
in part be obvious and will in part be evident from the 
drawings and the description which follow. 

According to the invention, there is provided, in 
one aspect, a split mechanical seal for mounting to a 
stationary housing that contains a rotating shaft The 
mechanical seal includes first and second seal ring 
assemblies, at least one resilient biasing element and 
at least one axial biasing element The first and sec- 
ond seal ring assemblies each include a seal ring hav- 
ing two segments that are resiliently supported in the 
seal. The segments have an outer surface and a pair 
of segment sealing faces disposed at opposite ends 
of the segments. The first seal ring is a stationary seal 
ring and the second seal ring is a rotary seal ring. 

In one aspect of the invention, the resilient bias- 
ing element is concentrically disposed about and in in- 
timate contact with the outer surface of one of the seal 
rings, for applying a first radially inward force that 
biases the sealing faces of the seal ring segments into 
sealing contact with each other. In a preferred em- 
bodiment, the mechanical seal includes a pair of re- 
silient biasing elements disposed about each seal 
ring, and the resilient biasing element is preferably an 
elastomeric member. 

In another aspect of the invention, the axial bias- 
ing element is associated with at least one seal ring 
for generating and applying, in cooperation with an 
elastomeric member, a second radially inward force. 
The second force also operates to bias the segment 
sealing faces together when the mechanical seal is 
exposed to a selected pressure condition. In a prefer- 
red embodiment, the axial biasing element is an abut- 
ment integrally formed with the segments of both 
seal rings, that has a radially outwardly slanted outer 
surface. 

According to another aspect of the invention, 
when the mechanical seal is exposed to the selected 
pressure condition, e.g., ambient pressure greater 
than the internal pressure of the mechanical seal, the 
elastomeric member is disposed in intimate contact 
with the abutment, and applies an axial force thereto. 
The abutment transforms the axial force into an axial 
component and a second radially inward component 
This second radially inward component also operates 
to bias the sealing faces of the seal ring segments into 
sealing contact with each other. 

According to a preferred practice of the invention, 
the split seal ring of this invention includes one ring 
mounted in a holder assembly to rotate with the rotat- 
ing shaft and a second ring mounted in a gland as- 
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sembly fixed to the stationary housing surrounding 
the shaft Each of the seal rings has a sealing face 
brought into sealing contact with the other to form a 
seal while the faces are rotating with respect to one 
another. In order to provide for convenient assembly 5 
and disassembly of the seal about the shaft, the seal 
rings, as well as the housing assembly and the gland 
assembly, are formed in segments. It is a significant 
feature of the present invention that each of the seal 
ring segments be allowed to move axially with respect 10 
to one another, while maintaining the individual rings 
biased toward one another into sealing contact This 
is accomplished by resiliently mounting each ring in 
its respective holder and gland while providing axial 
bias toward the interface therebetween. 15 

In this configuration the seal ring segments are 
resiliently biased in the radial direction to maintain the 
sealing contact at the segment interfaces where the 
segments join to form the individual rings. In a typical 
embodiment this is accomplished by placing a circu- 20 
far elastomer O-ring around the periphery of each 
seal ring. Since the purpose of the overall seal assem- 
bly is to maintain a seal between ambient atmosphere 
and the internal fluids surrounding the rotating shaft 
these segment seals must be capable of maintaining 25 
their sealed condition for a variety of pressure condi- 
tions between the ambient atmosphere and the inter- 
nal fluids. These may include a higher pressure in the 
ambient as compared to the internal fluid or vice ver- 
sa The elastomer O-rings also provide for resilient so 
mounting of the rings with respect to axial movement 
and some axial biasing of the rings toward one an- 
other. The fluid spaces within the mechanical seal are 
such that when the internal fluid pressure is negative 
with respect to the ambient it creates a radial biasing 35 
force which tends to open the intersegment seals, 
thereby leaking ambient fluid into the process fluid. 
This occurs despite the fact that fluid pressure exerts 
an axial force against the O rings moving them toward 
increased contact at the interface between the rotat- 40 
ing seal ring and the stationary seal ring. 

In the present inventive mechanical seal, this 
problem is addressed by providing a seat for the CD- 
ring about the seat ring segments that has a sloping 
outer surface such that axial pressure by the O-ring 45 
against that surface is converted into both axial and 
radial components so that the radial component di- 
rected toward the center of the ring, maintains the 
above intersegment seals. 

According to a further aspect of the invention, the 50 
gland segments and the holder segments include 
seal faces having formed thereon a gland gasket 
groove and a holder gasket groove, respectively. The 
gland groove mounts a gland gasket, and when dis- 
posed therein, has an exposed portion that extends 55 
beyond the gland seal face. The exposed gasket por- 
tion is captured in. rather than sealingly abuts, the 
gland groove formed on the seal face of the other 



gland segment Likewise, the holder groove mounts 
a holder gasket that has an exposed portion extend- 
ing from the holder seal face that is captured in the 
holder groove formed on the sealing face of the other 
holder segment 

The foregoing and other objects, features and 
advantages of the invention will be apparent from the 
following description and apparent from the accom- 
panying drawings, in which like reference characters 
refer to the same parts throughout the different 
views. The drawings illustrate principles of the inven- 
tion and, although not to scale, show relative dimen- 
sions. In the drawings: 

FIG. 1 is a perspective view of a split mechanical 
seal separated into two segments according to a 
preferred embodiment of the invention; 
FIG. 2 is a fragmentary view of the mechanical 
seal of FIG. 1; 

FIG. 3 is an exploded unassembled view of one 
half of the mechanical seal of FIG. 1 taken along 
line 3-3; 

FIG. 4 is an a perspective view of one-half of the 
mechanical seal of FIG. 1; 
FIG. 5 is a top fragmentary view of a portion of 
the mechanical seal of FIG. 1, 
FIG. 6A is a side view of a gland or holder screw 
according to a preferred embodiment of the in- 
vention; 

FIG. 6B is a broken perspective view of the screw 
housing of FIG. 1 according to a preferred em- 
bodiment of the invention. 
FIG. 7 is a sectional view of an elastomeric mem- 
ber; 

FIG. 8A is a fragmentary view of a stationary seal 

ring and gland assembly of FIG. 1 according to a 

preferred practice of the invention; 

FIG. 8B shows the movement of the O-ring of 

FIG. 8A according to a preferred practice of the 

invention; 

FIG. 9 is view similar to FIGS. 8A and 8B showing 
an alternate embodiment; 
FIG. 10 is a plan view of a holder assembly ac- 
cording to a preferred embodiment of the inven- 
tion; and 

FIG. 11 is a plan view of the mechanical seal of 

FIG. 1 showing a centering mechanism according 

to one preferred embodiment 

FIGS. 1-4 depict a split mechanical seal 10 ac- 
cording to a preferred embodiment of the invention. 
The mechanical seal 10 is preferably concentrically 
disposed about a shaft 12 that extends along a first 
axis 1 3 and is secured to an external wail of a housing 
1 4. such as a pump or the like. The shaft is mounted, 
at least partly, within the housing. The mechanical 
seal 1 0 constructed in accordance with the teachings 
of this invention seeks to provide a fluid-tight seal, 
thereby preventing a process medium, e.g., hydraulic 
fluid, from escaping the housing 14. The fluid-tight 



BNSOOCJD: <EP 065871 3A1_I_> 



EP0 658 713 A1 



seal is achieved by a pair of split seal rings 20 and 30, 
a first or rotating seal ring 20 and a second or station- 
ary seal ring 30, each naving a smooth arcuate seal- 
ing surface 21, 31 and a pair of segment sealing feces 
22, 32. The smooth arcuate sealing surface of each s 
seal ring is biased into sealing contact with the corre- 
sponding surface of the other seal ring segment Sim- 
ilarly, the segment sealing faces 22,32 of the ring seg- 
ments 25 and 33 are biased into sealed relationship 
with each other. Thus, these individual seal faces pro- 10 
vide a fluid-tight seal operable under a wide range of 
operating conditions, including a vacuum condition, 
as described in greater detail below. 

The illustrated mechanical seal 10 includes, in 
addition to the rotary seal ring 20 and the stationary is 
seal ring 30, a seal gland assembly 40 and a seal ring 
holder assembly 110. The seal gland assembly 40 has 
a pair of gland segments 41. 42, each segment iden- 
tical to the other. The gland segment 41 has an inner 
surface that has a first face 46, and an integrally 20 
formed and stepped second face 50 that extends ra- 
dially outward from the first face 46. The first face 46 
and the second face 50 form, In combination, a first 
connecting annular wafl 48. A stepped third face 54 
extends radially outward from the second face 50 and 25 
forms, in combination therewith, a second annular 
connecting wall 52. A doped fourth face 56 extends 
radially inward from the gland segment third face 54. 

The gland assembly 40 has a housing gasket 
groove 58 formed along a bottom 59 of the gland as- so 
sembly 40. The groove 58 seats a flat annular elas- 
tomeric gasket 60. As illustrated in FIGS. 2 and 3, the 
gasket 60 preferably has an axial dimension greater 
than the depth of the groove 58, thereby providing a 
pressure-tight and fluid-tight seal between the mech- 35 
anical seal 10 and the housing 14. In a preferred em- 
bodiment the housing gasket 60 is pre-cut into two 
arcuate segments for mounting in each gland seg- 
ment 41, 42. The housing gasket segments are pre- 
ferably mounted in the groove 58 and secured thereto 40 
by an adhesive. This arrangement helps prevent leak- 
age of the process medium along the seal 10 when 
mounted to the housing 14. 

Each gland seal face 64. 66 has formed thereon 
a gland gasket groove 70. The groove 70 has a main 45 
axial portion 71 which extends from the gland second 
face 50 to the gland fourth face 56. Groove segments 
72, 73, transverse to the main groove segment 71 . ex- 
tend along the second gland wall 52 and the gland 
fourth face 56, respectively, and groove segment 74, so 
spaced radially inward from groove segment 71, ex- 
tends along the gland segment second face 50. 

An elastomeric gland gasket 76, complementary 
in shape to the gland groove 72, seats in the groove 
72. It is a significant feature of the present invention 55 
that the gasket 76, when seated in the groove 72, ex- 
tends beyond the gland split faces 64, 66. as best 
shown in FIGS. 1 , 4 and 5. The exposed portion of the 



gasket 76 is captured in a complementary groove 
formed on the split gland seal face of the other gland 
segment 42. Capturing both ends of the gasket 76 be- 
tween opposing split gland seal faces prevents the 
gasket 76 from extruding into the gap formed be- 
tween the split gland seal faces when subjected to 
pressures higher than a selected maximum pressure. 
This double-capturing feature thus allows the gland 
segments 41, 42 to withstand greater pressures with- 
out developing pressure leaks, as well as relaxing the 
mechanical tolerances of other components of the 
mechanical seal 10. The gland gasket 76 is preferably 
formed from any suitable resilient material, such as 
elastomeric rubber. Further, although the gasket 76 
has the illustrated shape, those of ordinary skill will 
recognize that the gasket 76 and its corresponding 
groove 70 can have any suitable geometric configur- 
ation. 

Each of the gland segments 41 , 42 also have in- 
tegrally formed therewith a pair of screw housings 80, 
62. Each screw housing has a transverse fastener-re- 
ceiving aperture 84 formed substantially there- 
through. The aperture 84 has a tapped smaller-diam- 
eter portion 86, and a concentric untapped larger-di- 
ameter portion 88, as shown in FIGS. 1, 6A and 6B. 
Preferably, the untapped portion 88 of the aperture 
84 is disposed closest to the gland seal feces 64, 66. 

The transverse aperture 84 mounts a screw 90 
having the illustrated configuration. The screw 90 
preferably has a main shaft 92 and a screw-head por- 
tion 96. The screw shaft 92 has a threaded distal por- 
tion 93 and an untapped proximal portion 94, as 
shown in FIGS. 1 and 6A. The outer diameter of the 
threaded portion 93 is greater than the outer diameter 
of the proximal portion 94. As illustrated in FIG. 6B, 
each screw 90 fastens together a pair of housings 80 
and 82. When the threaded distal portion 93 of the 
screw 90 is screwed into the tapped portion 86 of the 
aperture 84. the distal portion 93 is positively main- 
tained in the aperture 84. As the screw 90 further 
travels through the aperture 84, the screw distal end 
enters the untapped portion 88. or clearance gap of 
the aperture 84. In this orientation, the screw 90, al- 
though not snugly secured, is still positively main- 
tained (i.e.. not detachable) in the aperture 84. In a 
preferred embodiment the diameter of the screw dis- 
tal portion 93 is close to the diameter of the tapped 
smaller-diameter portion 86 of the screw housings 
80,82. 

Significant advantages are enjoyed by the screw 
90 and the aperture 84 of the present invention. In 
particular, the screw 90 can be mounted in the fasten- 
er-receiving aperture 84 from any side of either gland 
segment 4 1 , 42 prior to assembly, which is particular- 
ly useful in limited access installations, and is posi- 
tively maintained in the screw housing 80. By prevent- 
ing the screw 90 from completely detaching from the 
screw housing 80 prevents accidental loss of the 
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screw 90 during assembly and disassembly, thus fa- 
cilitating assembly of the seal while reducing installa- 
tion time. The same construction pertains to the 
screw housings 82. 

The gland assembly 40 further includes a plural- s 
ity of bolt-tabs 38. The bolt-tabs 38 have a main body 
37 that has integrally formed at one end an inserting- 
tab projection 39. The tab projection 39 mounts in an 
annular groove 68 formed around the periphery of the 
gland assembly 40. The angular position of the tabs 10 
can be adjusted by sliding the bolt-tab 38 and the tab 
projection 39 about the groove 68. The bolt-tabs 38 
help secure the mechanical seal 10 to the housing 14 
by seating mounting bolts (not shown). In use, the 
mounting bolt is inserted between a pair of adjacent 15 
bolt-tabs. The bolt-tabs 38 are further described in 
detail in U.S. Patent No. 5, 209, 496, assigned to the 
assignee hereof and which is herein incorporated by 
reference. 

As illustrated in FIGS. 1-4, a holder assembly 110 20 
is disposed in a chamber 24 formed by the gland as- 
sembly 40, and spaced radially Inward therefrom. It 
should be understood however, that the holder as- 
sembly 110 need not be disposed within the gland as- 
sembly. Rather, the holder can be axially spaced from 25 
the gland assembly 40. The holder assembly 110 has 
a pan- of arcuate holder segments 112, 114, each 
identical to the other. Each holder segment 112, 114 
has an outer surface 116 and an inner surface 124. 
The holder segment inner surface 124 has a radially so 
inward sloping first face 1 26 that terminates in an ax- 
ially extending second face 1 30. A pair of successive 
radially inward stepped surfaces form a third face 134 
and a fourth face 1 38, respectively. The second face 
1 30 and the third face 1 34 have a radially inward ex- 35 
tending first wall 1 32 integrally formed therebetween, 
and the third face 134 and the fourth face 130 have 
a radially inward extending second wall 136 integrally 
formed therebetween. The diameter of the fourth face 
1 38 is preferably equal to or slightly greater than the 40 
diameter of the shafL12, towhichthe holder assembly 
110 is to be attached. 

The holder segment outer surface 116 has a first 
axially extending outer surface 146, a radially inward 
sloping second outer surface 148, and a radially in- 45 
ward stepped third outer surface 154. The third outer 
surface 154 and the second outer surface 148 form, 
in combination, a radially inward extending first outer 
wall 150. In a preferred embodiment, the outer diam- 
eter of the holder segment third outer surface 1 54 is so 
less than the diameter of the gland segment fourth 
face 56. This clearance is necessary to allow the hold- 
er assembly 110 to seat within the gland assembly 40 
for unobstructed rotational movement therein. The 
outer diameter of the first outer surface 1 46 is prefer- 55 
ably less than the inner diameter of the gland segment 
third face 54, and preferably greater than the gland 
segment second face 50. 



The fourth face 138 of the holder segment 112 
has formed thereon an annular channel 140 for 
mounting a split shaft gasket 142. When mounted in 
the channel 140, the gasket 142 sealingly mates with 
the shaft 12. providing a fluid-tight seal along the 
holder and shaft interface (see FIG. 2). The second 
wall 136 preferably has axially extending therefrom a 
cylindrical protrusion 144. The protrusion 144 oper- 
ates as a mechanical rotary means by biasing the ro- 
tary seal ring 20 into rotational movement, as descri- 
bed in greater detail below. 

The holder segments 112, 114 have formed on 
each split holder seal face 118 and 120 a holder gas- 
ket groove 158, having the configuration illustrated in 
FIGS. 1-4. A holder gasket 160, complementary in 
shape to the groove 158, seats in groove 158. It is 
also a significant feature of the present invention that 
the holder gasket 160, when seated in the groove 
158, extends beyond the holder seal feces 118, 120, 
as best shown in FIG. 4. The exposed portion of the 
gasket 160 seats in a complementary groove formed 
in the opposite holder segment seal face. This ar- 
rangement provides for a fluid-tight seal at pressures 
higher than a selected value, as described above. Trie 
gasket is preferably composed of any suitable de- 
formaWe material, such as elastomeric rubber. 

The hcldersegments 1 1 2, 114 also have a fasten- 
er-receiving aperture 164 that mounts screw 170. 
The holder aperture 164 is similar to the fastener-re- 
ceiving aperture 84 of the gland screw housing 80.82, 
and the screw 170 is similar to the screw 90. Like- 
wise, the screw 170 and aperture 164 operate in the 
aforementioned manner. 

The holder assembly 110, the gland assembly 40, 
and the screws 90 can be formed from any suitably 
rigid material, such as stainless steel. 

The rotary seal ring assembly 20 also includes a 
pan- of arcuate rotary seal ring segments 25. The ro- 
tary ring segments have a substantially smooth arc- 
uate inner surface 172 and an outer surface 176, as 
best shown. in FIG.. 3. The. inner surface. 172. has 
formed thereon a generally rectangular notch 174. 
The notch 1 74 mounts over the holder protrusion 144. 
The rotary segment outer surface 176 has an axially 
extending first outer surface 180 that terminates in a 
radially inward sloping second outer surface 182 or 
abutment, and an axially extending third outer sur- 
face 1 84. The rotary segment 25 also has the smooth 
arcuate sealing surface 21 disposed at the top of the 
ring 20. The inner diameter of the rotary seal seg- 
ments inner surface 172 is greater than the diameter 
of the shaft to permit mounting thereon. The diameter 
of the rotary seal segment third outer surface 184 is 
equal to or slightly less than the diameter of the holder 
segment third face 134, for mounting engagement 
with the holder assembly 110. The diameter of the ro- 
tary seal segment first outer surface 180 is less than 
the inner diameter of the holder segment first face 
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126, and greater than the diameter of the holder thrd 
face 134. 

Although the illustrated seal ring 20 has an abut- 
ment 1 82 formed at the outer surface 1 76, those of or- 
dinary skill will recognize that a non-sloping stepped 
annular surface could also be employed. 

An elastomeric member, such as O-ring 188, is 
concentrically disposed about the rotary seal ring 20. 
In a preferred embodiment, the O-ring 188 seats 
along the first wall 132 of the holder assembly 110 
and abuts the second and third outer surfaces 182, 
1 84 of the rotary seal ring 20, as shown in FIG. 2. The 
O-ring 188 is sufficiently resilient to place each of the 
rotary segment sealing faces in sealing contact with 
another segment, thereby forming a fluid-tight and 
pressure-tight seal. The O-ring 188 also functions, in 
cooperation with a mechanical clip 200, as an axial re- 
silient biasing means by f loatingly and non-rigidly 
supporting the rotary and stationary seal rings 20,30 
in axiaily spaced floating relation relative to the rigid 
walls and faces of the gland and holder assemblies 
40, 110. This floating relationship was first described 
In U.S. Patent No. 4,576,384, assigned to the assign- 
ee hereof, and is herein incorporated by reference. 

As best seen in FIG. 3, the stationary seal ring 30 
similarly includes a pair of arcuate seal ring segments 
33, 33, each identical to the other. The stationary seal 
ring arcuate segments 33 have a substantially 
smooth arcuate inner surface 35 extending parallel to 
the first axis 13 and an outer surface 36. The station- 
ary seal ring segment outer surface 36 has an axiaily 
extending first outer surface 190 that terminates in a 
radially outward extending abutment 192. The sta- 
tionary seal ring 30 has a substantially smooth arc- 
uate top surface 194 and a smooth arcuate ring seal- 
ing surface 31 disposed at the bottom of the ring. The 
stationary seal segment 33 has a recess 196 formed 
along the top surface 194. A mechanical clip 200, 
mechanically coupled to a top surface 62 of the gland 
assembly 40 via clip groove 63, seats in the recess 
196. This arrangement helps align and seat the sta- 
tionary seal ring 30 in the chamber 24, as well as 
functioning as a mechanical impedance for prevent- 
ing the stationary seal ring 30 from rotating with the 
shaft 12 and the rotary seal ring 20. 

The inside diameter of the stationary segment in- 
ner surface 35 is greater than the shaft diameter, and 
is greater than the diameter of the inner surface 172 
of the rotary seal ring 20, thereby allowing relative 
motion therebetween. An elastomeric member, e.g., 
O-ring 202. provides a radially inward biasing force 
sufficient to place the segment sealing faces 32 of 
stationary seal ring segment 33 in sealing contact 
with the other stationary seal ring segment Addition- 
ally. O-ring 202 forms a fluid-tight and pressure-tight 
seal between the gland assembly 40 and the station- 
ary seal ring 30. The O-ring 202 seats in a first mount- 
ing region 204 defined by the gland segment first wall 
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48, the gland second face 50, the stationary ring outer 
surface 190, and the stationary ring abutment 192. In 
a preferred embodiment, the abutment 192 forms an 
angle relative to the stationary ring outer surface 190 
5 preferably in the range of about 30° to about 60°, and 
most preferably about 45°. The stationary seal ring 30 
is preferably composed of a carbon or ceramic mate- 
rial, such as alumina or silicon carbide and the like. 
The mechanical clip 200 also functions as an ax- 
10 iaJ biasing means by providing resilient support for the 
stationary and rotary seal rings 20, 30 by axiaily bias- 
ing the seal rings such that the stationary and rotary 
sealing surfaces 21 and 31 are disposed in sealing 
contact with each other. As illustrated in FIG. 2, the 
15 seal rings 20, 30 are floating ly and non-rigidly sup- 
ported in spaced floating relation relative to the rigid 
walls and faces of the gland and holder assemblies 
40, 110. This floating and non-rigid support and 
spaced relationship permits small radial and axial 
20 floating movements of the rotary seal segments 
25,25 and the stationary seal segments 33,33 with re- 
spect to the shaft 12, while still allowing the rotary 
sealing surface 21 to follow and to be placed in seal- 
ing contact with the smooth arcuate sealing surface 
25 31 of the stationary seal ring 30. Thus, the rotary and 
stationary seal ring sealing surfaces 21 and 31 are 
self-aligning as a result of this floating action. 

As generally illustrated in FIG. 7, identical ball 
and socket fastening mechanisms are provided on 
so the free ends of O-rings 1 88 and 202. At one end, O- 
ring 202 narrows into a substantially hemispherical 
shoulder portion 222 and, adjacent thereto, annular 
neck portion 224. immediately adjacent neck portion 
224 is substantially spherical head portion 226. In fas- 
35 tening, head portion 224 is inserted into matching 
spherical socket portion 227 at the other end of O-ring 
202 such that annular collar portion 228 surrounds 
and captures neck portion 224, and shoulder portion 
222 is in intimate contact with annular jacket portion 
40 230. Additionally, although the mechanical seal 10 
and its associated components are depicted as sec- 
tional parts, the O-rings 188 and 202 are continuous 
and complete structures having the above configur- 
ation. 

45 In assembly, the rotary seal segments 25.25 are 

mounted about the shaft 12 and mounted in the hold- 
er assembly 1 1 0 by aligning the rectangular notch 1 74 
of the rotary seal ring segment 25 with the axiaily ex- 
tending holder protrusion 144. The O-ring 188 is con- 

so centrically disposed about the rotary seal segments 
25, and is further placed in sealing contact with the 
holder second face 130, the holder first wall 132, and 
with the rotary seal outer surfaces 182, 184. The O- 
ring 188 provides an inward radial force sufficient to 

55 place the rotary seal faces 22 of the seal segment 25 
in sealing contact with each of the sealing faces 22 of 
the other rotary segment The holder segments 
112,114 are then secured together by tightening the 
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screws 170 that are positively maintained in the fas- 
tener-receiving apertures 164. As shown in FIGS. 1- 
3, the rotary seal ring segments 25,25 are spaced 
from the holder assembly inner surfaces 124, and are 
non-rig idly supported therein by the O-ring 188, 5 
thereby permitting small radial and axial floating 
movements of the rotary seal ring 20. 

The stationary seal ring segments 33 are con- 
centrically mounted over the shaft 12, and secured to- 
gether by O-ring 202. The Oring 202 applies a radi- w 
ally inward force to the stationary seal ring outer sur- 
face 36 sufficient to place the segment sealing faces 
32 of each segment in sealing contact with each other. 

The gland segments 41,42 are concentrically 
placed about the holder assembly 110 and the rotary 1 s 
and stationary seal rings 20,30, and are secured to- 
gether by screws 90 that are mounted in and positive- 
ly maintained by the fastener-receiving apertures in 
the screw housings 80 and 82. The screws 90 cannot 
be unintentionally removed from the mechanical seal 20 
10 since they are secured to the gland assembly 40 
by the inventive fastener-receiving aperture 84 and 
screw 90. Additionally, mounting the screws 90 does 
not necessftate rotating the shaft since the screws 90 
can be secured from the same or opposite sides of the 25 
gland assembly 40. 

Prior to fully securing the gland screws 90 to the 
housing 14, the shaft 12, the holder assembly 110, 
and the rotary and stationary seal rings 20,30 should 
be centered within the chamber 24. According to this 30 
inventive mechanical seal, the shaft 1 2 and holder as- 
sembly 110 center the gland segments 41,42 by way 
of centering spacers 240 formed along the outer sur- 
face 116 of the holder assembly 110, as shown in FIG. 
1 0. The spacers can be integrally formed on the hold- 36 
er outer surface 116, or can be mounted in depres- 
sions formed along the holder outer surface 116. In a 
preferred embodiment, the spacers 240 are circum- 
f erenUaOy and evenly spaced about the first outer sur- 
face 146 of the holder assembly 110. The spacers 240 40 
are preferably formed of a soft wearable material, 
such as teflon, which prevents scoring of the gland in- 
ner surface during rotational movement of the holder 
assembly 110. Although the FIG. 10 embodiment 
shows four evenly separated spaces, any number and 45 
spacing of spaces can be employed. Additionally, the 
spacers 240 need not be formed on the holder first 
outer surface 146, but can be formed at various hold- 
er locations. 

An alternate embodiment of a shaft centering so 
mechanism is depicted in FIG. 11. In FIG. 11, a cen- 
tering strap 240 passes through a transverse port 242 
formed in the screw housings 80 and 82. The center- 
ing strap 240 includes a pair of flexible elongate seg- 
ments 244,246 attached to a handle 248. The trans- 55 
verse port 242 opens onto the exterior of the screw 
housing 80, (or 82) and into the chamber 24 formed 
by the gland assembly 40. The hexagonal bolt (not 



shown) caps this opening and isolates the interior of 
the port from the ambient environment The strap is 
preferably made of a plastic material. When centering 
the shaft 1 2 and the holder assembly 1 1 0 in the cham- 
ber 24, the front ends 250,252 of the centering strap 
240 are inserted into the port 242 until the ends 
250,252 contact the holder assembly 110, temporarily 
impeding the path of the strap 240. As the strap 240 
is further inserted into the port 242, the strap ends 
250,252 travel about the periphery of the holder as- 
sembly 110, until the strap nearly encloses the holder 
assembly 110. Thus, the strap functions to uniformly 
space the holder assembly 110, and thus the shaft 1 2, 
from the gland inner surface. Those of ordinary skill 
will recognize that the centering mechanisms can be 
employed in both split and non-split mechanical 
seals. 

When the gland assembly 40 and the holder as- 
sembly 11 0 are properly aligned, the gland gasket 76 
and the holder gasket 160 are captured in separate 
gasket grooves formed on opposite sealing faces of 
the gland and holder segments. This double-capture 
configuration allows the mechanical seal 10 to with- 
stand higher pressures without degradation of the 
pressure and fluid seals formed at the segment seal- 
ing faces. Additionally, the O-ring 202 forms a pres- 
sure-tight and fluid-tight seal between the gland inner 
surface, e.g. gland second face 50 and first wall 48, 
and the outer surface 36 of the stationary seal ring 30. 

After the mechanical seal is assembled and 
mounted to the pump housing 14, the pump process 
medium, e.g. hydraulic fluid, is sealed within a proc- 
ess medium channel 234, as shown in FIG. 2, defined 
by the gland inner surface 54 (excluding the gland 
first face 46), O-ring 202, the holder assembly outer 
surface 116, the stationary seal ring outer surface 
190 and abutment 192, the rotary seal ring first and 
second surfaces 180,182, the holder assembly first 
and second faces 126,130, and O-ring 188. The am- 
bient environment medium, typically air. fills an ambi- 
ent process, channeL 236. typically sealed from the 
process channel 234, that is defined by the stationary 
and rotary seal ring inner surfaces 35.172, the sta- 
tionary ring outer surface 1 90, the gland first and sec- 
ond faces 46.50 and first wall 48, the rotary seal ring 
third outer surface 184, and the holder assembly first 
wall 1 32. The phrase "ambient environment" is intend- 
ed to include any external environment other than the 
internal environment of the housing 14. 

The stationary and rotary seal ring segment seal- 
ing faces 22,32 are placed in sealing contact with the 
other segment of the pair by the radial force of the O- 
rings 188 and 202. In addition, the hydraulic pressure 
of the process medium contained within the process 
channel 234 exerts an additional radially inward 
force, proportional to the fluid pressure, upon the seal 
ring segment outer surfaces 36,190, biasing the seg- 
ment sealing faces 32 together. 
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Overall, the O-ring 142 prevents the seepage of 
process medium along the shaft 12 and into the am- 
bient process channel 236. The flat O-ring 60 pre- 
vents the seepage of process medium along the 
housing 1 4 and mechanical seal 1 0 interface and the s 
O-rings 188 and 202 prevent process medium from 
invading the ambient process channel 236 by way of 
the holder assembly 110 and the gland 40, respec- 
tively. 

In operation, when the pressure of the process 10 
medium is greater than or equal to the pressure of the 
ambient environment medium (positive pressure), the 
O-ring 202 is seated in position A in the first mounting 
region 204, as shown in FIGS. 2, 4 and 8A. In this pos- 
ition, the process medium exerts an inward radial is 
force upon the stationary seal ring outer surface 36, 
depicted in FIG. 8A as solid arrows, and applies an ax- 
ial force (to the right in FIG. 8A) upon O-ring 202, seal- 
ing the O-ring against the first wall 48 of the gland in- 
ner surface and the stationary seal ring outer surface 20 
190. 

When the pressure of the process medium falls 
below the pressure of the external environment (neg- 
ative pressure or vacuum), the ambient process me- 
dium biases O-ring 202 into position B disposed 25 
against the abutment 192, as shown in FIG. 8B. The 
phrase "negative pressure" is intended to include any 
pressure sftuation which results in the process me- 
dium being at a lower pressure than the ambient me- 
dium. The pressure applied by the ambient environ- 30 
ment produces both an inward radial force and an out- 
ward radial force upon the stationary seal ring seg- 
ments 35, 36, as shown by the solid arrows. In the 
first mounting region, the area that was formally oc- 
cupied by process fluid and which was evacuated by 35 
the movement of the O-ring 202 (to the left in FIG. 8B) 
is now occupied by the ambient medium. The radially 
inward and outward forces generated by the ambient 
medium cancel along the length of the seal ring seg- 
ment to the right of the dashed line 260, thus produc- 40 
ing no net force. However, to the left of the dashed line 
260 and of the O-ring 202, the outward radial force ap- 
plied to the inner surface 35 of the stationary seal ring 
30 is greater than the opposing pressure produced by 
the process medium, producing a net outward radial 45 
force. Opposing this outward force is O-ring 202. 
However, when the radially outward force exceeds 
the biasing force produced by the O-ring 202, the sta- 
tionary seal segments separate along the sealing 
faces 22, thereby breaking the fluid-tight seal and ex- so 
posing the process channel 234 to the ambient me- 
dium. 

However, when the ambient medium forces the 
O-ring against the abutment 192, generating an axial 
force, the sloped abutment surface transforms this 55 
normal force into an axial force component 268 and a 
radial force component 270. The radial force compo- 
nent 270 forms a second or supplemental inward ra- 



dial force. In a preferred embodiment, with the abut- 
ment slope forming a 45° angle, the second force 
component 270 is 0.707 times the magnitude of the 
outward radial force. For most pressure situations, 
this second radial force is sufficient to prevent the 
seal faces 22 of the stationary seal rings from sepa- 
rating, thus maintaining the fluid-tight seal. Further- 
more, the axial force component 268 operates to 
maintain the smooth arcuate sealing surfaces 21 and 
31 of the stationary and rotary seal rings 20,30 in 
sealing contact with each other. 

According to a preferred practice of the invention, 
the sealing surfaces 21 and 31 of the stationary and 
rotary seal rings 20,30 can further be maintained in 
sealing contact with each other by reducing the net 
outward radial force. One preferred practice is to min- 
imize the area of the stationary ring 30 exposed to 
unbalanced outward radial force. As shown in FIG. 
8B, the portion of the seal ring 30 to the left of the 
dashed line 260 is preferably minimized, thereby re- 
ducing the outward radial force applied to the sea) 
ring inner surface 35 by the higher pressure ambient 
medium. 

In an alternate embodiment, as shown in FIG. 9, 
an intermediate force element 280 can be disposed 
between the stationary seal ring 30 and the gland in- 
ner surface. In a manner similar to that explained 
above, O-ring 202A, in cooperation with abutment 
1 92, generate the second radial inward force, thereby 
maintaining the fluid-tight seal. Meanwhile, O-ring 
202B creates a fluid seal between the process me- 
dium channel 234 and the ambient channel 236. 

It will thus be seen that the invention efficiently 
attains the objects set forth above, among those 
made apparent from the preceding description. Since 
certain changes may be made in the above construc- 
tions without departing from the scope of the inven- 
tion, it is intended that all matter contained in the 
above description or shown in the accompanying 
drawings be interpreted as illustrative and not in a lim- 
iting sense. 

It is also to be understood that the following 
claims are to cover all generic and specific features 
of the invention described herein, and all statements 
of the scope of the invention which, as a matter of lan- 
guage, might be said to fall therebetween. 



Claims 

1 . A split mechanical seal for mounting to a housing 
containing a rotating shaft, comprising: 

a pair of seal ring assemblies concentrical- 
ly disposed about said shaft and including a first 
seal ring assembly and a second seal ring assem- 
bly, each said seal ring assembly having a seal 
ring formed of at least two seal ring segments, 
said seal ring being disposed generally concen- 



BNSOOC.D: <EP___06S87l3AiJ_> 




trie to a first axis, said segments being resiliency 
supported in said mechanical seal and having in- 
ner and outer concentric surfaces, and a pair of 
axialiy extending segment sealing faces dis- 
posed at opposite ends of each of said segments, s 

at least one resilient biasing means con- 
centric about and in intimate contact with said 
outer concentric surface of said seal segments of 
at least one seal ring, for applying a first radially 
inward force to said seal segments, said first ra- 10 
diaJly inward force operating to bias each of said 
segment sealing faces of one of said seal ring 
segments into sealing contact with correspond- 
ing segment sealing faces of another of said seal 
ring segments, when said mechanical seal is ex- 15 
posed to a first pressure condition, and 

at least one axial biasing means associat- 
ed with at least one of said seal ring assemblies 
for generating and applying, in cooperation with 
said resilient biasing means, a second radially in- 20 
ward force to said seal segments, said second ra- 
dially inward force also operating to bias said seg- 
ment sealing faces of one of said seal ring seg- 
ments into sealing contact with corresponding 
segment sealing faces of another of said seal ring 25 
segments, when said mechanical seal is exposed 
to a second pressure condition, and said resilient 
biasing means may comprise an annular elasto- 
meric member. 

so 

2. The seal of claim 1 , wherein said at least one re- 
silient biasing means includes a first and second 
resilient biasing means, and optionally 

wherein each of said seal rings is formed 
with a smooth annular sealing surface, said an- 35 
nular sealing surfaces of each said rings being in 
sealing contact with each other, and wherein said 
axial biasing means includes a radially extending 
abutment integrally formed on each of said seal 
rings and having a substantially slanted outer 40 
surface; and 

said abutment outer surface may be slant- 
ed substantially radially inward from said seal 
ring annular sealing surface, said abutment outer 
surface forming a selected angle relative to said 45 
first axis, and 

said selected angle may be in the range of 
about 30° to about 60°. 

3. The seal of claim 1 or claim 2 further comprising so 
a pair of at least two arcuate gland segments con- 
centrically disposed about each of said seal ring 
assemblies, and being spaced radially outward 
therefrom, and either 

(a) said gland segments each comprise an in- 55 
ner surface having a substantially smooth 
arcuate first face extending substantially par- 
allel to said first axis, and an integrally formed 



and stepped second face extending radially 
outward relative to said first axis, said first 
and second faces being connected by a first 
wall disposed substantially transverse to said 
first axis, and 

said first wall, said gland segment first 
and second faces, said outer surface of said 
first seal ring assembly, and said abutment of 
said upper seal ring assembly may define a 
first mounting region for seating said first re- 
silient biasing means, and 

each said holder segment may include 
an outer surface and an inner surface having 
an axial series of integrally formed faces ex- 
tending along said first axis, wherein said ser- 
ies of faces includes an inwardly slanting first 
face, an integrally formed second face extend- 
ing along said axis, a stepped third face ex- 
tending radially inward relative to said axis, 
said second face and said third face being 
connected by a second wall disposed sub- 
stantially transverse to said axis, and a step- 
ped fourth face extending radially inward from 
said third face, and either 

(0 said abutment outer surface, said seal 
ring segment outer surface, said second 
face of said holder segments, and said 
second wall of said holder segments may 
define a second mounting region for seat- 
ing said second resilient biasing means; or 
(i) said first mounting region, said resilient 
biasing means, said outer wall of said hold- 
er segments can form a first fluid passa- 
geway containing a process medium, and 
said inner surface of said seal ring seg- 
ments of said first and second seal ring as- 
sembly and said shaft can form a second 
fluid passageway, and 

said first pressure condition may be a 
positive hydraulic pressure* state formed in 
said first pressure retaining channel passage- 
way and being indicative of a radially inward 
force being applied to said sealing segment 
outer surface by said process medium, and 

said second pressure condition may be 
a negative hydraulic pressure state formed in 
said second pressure retaining channel and 
being indicative of a radially outward force be- 
ing applied to said sealing segment inner sur- 
face, and optionally 

said resilient biasing means is dis- 
posed in intimate contact with said abutment 
slanted outer surface during said negative 
pressure state, said biasing means applying 
an axial force thereto and said slanted outer 
surface transforming said axial force generat- 
ed by said first resilient biasing means upon 
said abutment outer surface into said second 
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radially inward force; or 

(b) each of said gland segments comprise a 
pair of extending seal faces disposed at oppo- 
site ends of said gland segments, and where- 
in each of said seal faces includes first gasket s 
groove means forming a first groove thereon 

for mounting a first sealing gasket, and op- 
tionally a portion of said first sealing gasket 
extends beyond said gland seal face when 
mounted within one of said grooves, said ex- 10 
posed portion of said gasket being mountingly 
received within a complementary groove 
formed on a corresponding seal face of an- 
other of said gland segments; or 

(c) said seal further comprises at least two is 
holder segments concentrically disposed 
about said seal ring assemblies and spaced 
radially inward from said gland segments, and 
optionally either 

(i) each of said holder segments can com- 20 
prise a pair of extending seal faces dis- 
posed at opposite ends of said holder seg- 
ments, each of said seal feces includes 
second gasket groove means forming a 
second groove thereon for mounting a 2s 
second sealing gasket, and 

a portion of said second sealing 
gasket may extend beyond said holder 
seal face when mounted within one of said 
grooves, said exposed portion of said gas- 30 
ket being mountingly received within a 
complementary groove formed on a corre- 
sponding seal face of another of said hold- 
er segments; or 

<ii) each of said seal rings has a top sur- 3S 
face disposed opposite to said smooth arc- 
uate radially extending sealing surfaces, 
and may further comprise non-rigid axial 
biasing means such as a mechanical clip 
coupled to said gland segments and in 40 
contact with at least one of said seal ring 
top faces for applying an axial force to said 
seal ring segments, thereby maintaining 
said smooth arcuate seal ring sealing sur- 
faces in sealing contact with each other. 45 

4. A mechanical seal assembly comprising: 

a pair of stationary gland segments defin- 
ing a chamber and having an inner face, 

a pair of rotating holder segments dis- 50 
posed within said chamber and radially spaced 
from said gland segments, 

a stationary seal ring assembly disposed 
within said chamber and axially spaced above 
said holder segments, said seal ring assembly 55 
having a pair of arcuate seal ring segments being 
resiliently supported within said chamber and 
having an inner and an outer surface, and 

10 



a pair of axially extending segment sealing 
faces disposed at opposite ends of each of said 
segments, 

a rotating seal ring assembly disposed 
within said rotating holder and axially spaced 
from and in intimate contact with said stationary 
seal ring, said rotating seal ring assembly having 
a pair of seal ring segments being resiliently sup- 
ported within said chamber and having an inner 
and an outer surface, and a pair of axially extend- 
ing segment sealing faces disposed at opposite 
ends of each of said segments, 

said seal ring segments having an abut- 
ment integrally formed on each of said segment 
outer surfaces, said abutment having a slanted 
outer surface, and 

at least one resilient biasing means dis- 
posed within said chamber and concentric about 
at least said stationary seal ring assembly, for ap- 
plying to said segment outer surface a first radial 
inward force, 

said resilient biasing means and said abut- 
ment cooperating to generate and apply a second 
radial inward force to said seal ring segments 
when said mechanical seal is operating under a 
selected pressure condition. 

5. The seal of claim 4, wherein said first radial in- 
ward force biases each of said segment sealing 
faces of one of said seal ring segments into seal- 
ing contact with corresponding segment sealing 
faces of another of said seal ring segments, and 
said second radial inward force also biases said 
segment sealing faces of one of said seal ring 
segments into sealing contact with correspond- 
ing segment sealing faces of another of said seal 
ring segments, and optionally 

said resilient biasing means is disposed 
concentrically about said rotating seal ring. 

6. The seal of claim 5, wherein said abutment outer 
surface is slanted substantially outward and 
away from said seal ring segments outer surface, 
said abutment forming a selected angle relative 
to an axis transverse to said segment outer sur- 
face, for example 

said selected angle is in the range of about 
30° to about 60°. 

7. The seal of claim 6, wherein said selected pres- 
sure condition is a negative hydraulic pressure 
state being indicative of a radially outward force 
being applied to said sealing segment inner sur- 
faces, and for example 

said resilient biasing means is disposed in 
intimate contact with said skirt slanted outer sur- 
face during said negative pressure state for ap- 
plying an axial force thereto, said slanted outer 
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surface transforming said axial force generated 
by said resilient biasing means upon said abut- 
ment outer surface into said second radially in- 
ward force. 

5 

8. A split mechanical sea) for mounting to a housing 
containing a rotating shaft, said seal comprising: 

at least two arcuate gland segments defin- 
ing a chamber and having a pair of axially extend- 
ing segment sealing faces, io 

at least two arcuate holder segments dis- 
posed within said chamber and radially inwardly 
spaced from said gland segments, said holder 
segments having a pair of axially extending seg- 
ment sealing feces, 15 

at least two seal rings disposed within said 
chamber and concentrically about said shaft, and 

at least one of said gland and holder seg- 
ment sealing feces include at least one gasket 
groove means forming a gasket-receiving groove 20 
thereon for mounting a sealing gasket 



9. The seal of claim 8, wherein a portion of said seal- 
ing gasket extends beyond said sealing feces 
when mounted within said groove, said exposed 25 
portion of said gasket being mountingly receiving 
within a complementary groove formed on a cor- 
responding seal face of another of said seg- 
ments, and optionally 

said gland segment sealing feces and said 30 
holder segment sealing feces have said gasket- 
receiving groove formed thereon. 
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